All linear chromosomes end in stretches of non-coding hexanucleotide repeats called telomeres [1] . The telomere exists to protect the genome and to facilitate healthy cellular growth. As one function, the ubiquitous telomere sequence absorbs the gradual loss in length that results from the inability of replicative DNA polymerases to extend the extreme ends of the lagging strand [4] . As such, the length of the telomere of a cell is an important determinant for correlating with life expectancy; where shorter telomeres generally indicate a shorter remaining lifespan [5] . Eventually, the telomeres become so short that a state of replicative senescence is induced to prevent further cell division and the potential loss of genetic information [6] . In highly proliferative cells, the enzyme called telomerase is expressed to attenuate this process of telomere erosion [7] . Germline cells and stem cells express telomerase, which synthesizes telomere DNA to avoid replicative senescence. Whereas telomerase activity is undetectable in healthy somatic cells, it is upregulated appreciably in 85-90% of all cancers [7] . This leads to telomere extension and replicative immortality, which allows the cancer cells to divide indefinitely. By improving our understanding of the processes involved in telomere homeostasis, it may be possible to develop novel methods to therapeutically target these processes in the context of cancer.
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A group of specialized telomere proteins form a complex called shelterin that serves primarily to protect telomere DNA, but also functions as a recruitment platform for telomerase. While the molecular pathways of telomerase recruitment and telomere elongation are being uncovered, there are many gaps that remain in understanding important details of these processes. Most notably, it is unknown how the telomere-associated proteins interact to coordinate protection versus telomerase recruitment events. For example, in human telomeres, most shelterin proteins behave as negative regulators for telomerase, yet TPP1 positively regulates telomerase recruitment and activity [8, 9] . While the precise interactions that govern protection and recruitment events are under investigation, the lack of structural data to correlate the current cell and biochemical data poses a major obstacle in understanding these critical processes.
Because of high conservation of composition and function among eukaryotic shelterins, the Schizosaccharomyces pombe telomeres are regulated in a way that is similar to the human system [10] . Telomere maintenance in S. pombe is regulated, in part, by physical interactions between the shelterin proteins Ccq1, Tpz1, and Poz1 [11] . Whereas interactions between Ccq1 and Tpz1 are known to facilitate telomerase recruitment through phosphorylated signaling of Ccq1 Thr93, the inclusion of Poz1 within the Ccq1-Tpz1-Poz1 (CTP) complex negatively impacts telomerase-mediated extension events [12] . Thus, it is critical to define the interactions between Ccq1, Tpz1 and Poz1 to understand the molecular switch that governs or prevents telomerase-mediated extension of telomeres.
We have used electron microscopy combined with single particle reconstruction techniques to determine the three-dimensional structure of the S. pombe CTP shelterin complex. Moreover, the localization and stoichiometry of each protein subunit within the CTP complex was identified using density labels and truncated protein constructs. These results indicate that the CTP complex is assembled from a dimer of trimers with two copies of Ccq1, Tpz1 and Poz1 proteins. Complementing our structural data, we used mass spectrometry and chemical fixation to identify protein-protein interactions within the complex at amino acid resolution. Using the combination of the MS and EM data, we report the first EM model of the CTP shelterin complex, recapitulating its structure in the non-extendable state. 
